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(57) ABSTRACT 

An improved system and method for importing update data 
in a distributed column chunk data store is provided. A 
distributed column chunk data store may be provided by 
multiple storage servers operably coupled to a network. A 
storage server provided may include a database engine for 
partitioning a data table into the column chunks for distrib 
uting across multiple storage servers, a storage shared 
memory for storing the column chunks during processing of 
semantic operations performed on the column chunks, and a 
storage services manager for striping column chunks of a 
partitioned data table across multiple storage servers. Any 
data table may be ?exibly partitioned into column chunks 
using one or more columns With various partitioning meth 
ods. Update data may then be incrementally imported as 
separate column chunks that may later be merged With the 
column chunks of the partitioned data table. 
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SYSTEM AND METHOD FOR UPDATING DATA IN 
A DISTRIBUTED COLUMN CHUNK DATA STORE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] The present invention is related to the following 
US. patent applications, ?led concurrently herewith and 
incorporated herein in their entireties: 

[0002] “System and Method for Adding a Storage Server 
to a Distributed Column Chunk Data Store,” Attorney 
Docket No. 1050; 

[0003] “System and Method for Removing a Storage 
Server in a Distributed Column Chunk Data Store,” Attor 
ney Docket No. 1060; 

[0004] “System and Method for Recovering from Failure 
of a Storage Server in a Distributed Column Chunk Data 
Store,” Attorney Docket No. 1070; 

[0005] “System for Query Processing of Column Chunks 
in a Distributed Column Chunk Data Store,” Attorney 
Docket No. 1080; 

[0006] “System of a Hierarchy of Servers for Query 
Processing of Column Chunks in a Distributed Column 
Chunk Data Store,” Attorney Docket No. 1090; 

[0007] “Method for Query Processing of Column Chunks 
in a Distributed Column Chunk Data Store,” Attorney 
Docket No. 1100; 

[0008] “Method Using Query Processing Servers for 
Query Processing of Column Chunks in a Distributed Col 
umn Chunk Data Store,” Attorney Docket No. 1110; and 

[0009] “Method Using a Hierarchy of Servers for Query 
Processing of Column Chunks in a Distributed Column 
Chunk Data Store,” Attorney Docket No. 1120. 

[0010] The present invention is also related to the folloW 
ing copending US. patent applications ?led Sep. 13, 2005, 
assigned to the assignee of the present invention, and hereby 
incorporated by reference in their entireties: 

[0011] “System for a Distributed Column Chunk Data 
Store,” US. patent application Ser. No. 11/226,606; 

[0012] “Method for a Distributed Column Chunk Data 
Store,” US. patent application Ser. No. 11/226,667; and 

[0013] “System and Method for Compression in a Dis 
tributed Column Chunk Data Store,” US. patent application 
Ser. No. 11/226,668. 

FIELD OF THE INVENTION 

[0014] The invention relates generally to computer sys 
tems, and more particularly to an improved system and 
method for updating data in a distributed column chunk data 
store. 

BACKGROUND OF THE INVENTION 

[0015] Distributed storage systems implemented either as 
a distributed database or a distributed ?le system fail to scale 
Well for data mining and business intelligence applications 
that may require fast and e?icient retrieval and processing of 
large volumes of data. Distributed databases for large vol 
umes of data, perhaps on the order of terabytes, may be 
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traditionally implemented across several servers, each 
designed to host a portion of a database and typically storing 
a particular table of data. In some implementations, such a 
system may also store a horizontally partitioned table of data 
on one or more servers. For instance, the technique knoWn 
as horiZontal partitioning may be used to store a subset of 
roWs of data in a table resident on a storage server. Queries 
for retrieving data from the distributed storage system may 
then be processed by retrieving roWs of data having many 
associated columns of datum for Which only one or feW 
columns may be needed to process the query. As a result, the 
storage and retrieval of data in these types of systems is 
inef?cient, and consequently such systems do not scale Well 
for handling terabytes of data. 

[0016] Typical transaction processing systems using a 
distributed database likeWise fail to scale Well for data 
mining and business intelligence applications. Such systems 
may characteristically have sloWer processing speed during 
a failed transaction. During transaction processing a failed 
transaction may become abandoned and the database may be 
rolled back to a state prior to the failed transaction. Such 
database implementations prove inef?cient for updating 
large data sets on the order of gigabytes or terabytes. 

[0017] Distributed ?le systems are also inadequate for 
storage and retrieval of data for data mining and business 
intelligence applications. First of all, distributed ?le systems 
may only provide loW-level storage primitives for reading 
and Writing data to a ?le. In general, such systems fail to 
establish any semantic relationships betWeen data and ?les 
stored in the ?le system. Unsurprisingly, semantic opera 
tions for data storage and retrieval such as redistributing 
data, replacing storage, and dynamically adding additional 
storage are not available for such distributed ?le systems. 

[0018] What is needed is a Way for providing data storage, 
query processing and retrieval for large volumes of data 
perhaps in the order of hundreds of terabytes for data 
Warehousing, data mining and business intelligence appli 
cations. Any such system and method should alloW the use 
of common storage components Without requiring expensive 
fault-tolerant equipment. 

SUMMARY OF THE INVENTION 

[0019] Brie?y, the present invention may provide a system 
and method for updating data into a distributed column 
chunk data store. A distributed column chunk data store may 
be provided by multiple storage servers operably coupled to 
a netWork. A client executing an application may also be 
operably coupled to the netWork. A storage server provided 
may include a database engine for partitioning a data table 
into column chunks for distributing across multiple storage 
servers, a storage shared memory for storing the column 
chunks during processing of semantic operations performed 
on the column chunks, and a storage services manager for 
striping column chunks of a partitioned data table across 
multiple storage servers. 

[0020] The database engine may include a loading ser 
vices module for importing data into a data table partitioned 
into column chunks, a query services module for receiving 
requests for processing data stored as column chunks striped 
across multiple storage servers, a metadata services module 
for managing metadata about the column chunks striped 
across the plurality of storage servers, a transaction services 
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module for maintaining the integrity of the information 
about semantic operations performed on the column chunks, 
and a storage services proxy module for receiving storage 
services requests and sending the requests for execution by 
the storage services manager. The storage services manager 
may include compression services for compressing the col 
umn chunks before storing to the column chunk data store 
and transport services for sending one or more compressed 
or uncompressed column chunks to another storage server. 

[0021] Advantageously, a data table may be ?exibly par 
titioned into column chunks using one or more columns as 

a key With various partitioning methods, including range 
partitioning, list partitioning, hash partitioning, and/or com 
binations of these partitioning methods. There may also be 
a storage policy for specifying hoW to partition a data table 
for distributing column chunks across multiple servers, 
including the number of column chunks to create. The 
storage policy may also specify the desired level of redun 
dancy of column chunks for recovery from failure of one or 
more storage servers storing the column chunks. The storage 
policy may also specify hoW to assign column chunks to 
available storage servers. There may be a storage policy for 
each data table that may be different from the storage policy 
for another data table and may specify a different method for 
partitioning the data table into column chunks, a different 
level of redundancy for recovery from failure of one or more 
servers, and/or a different method for distributing the col 
umn chunks among the multiple storage servers. 

[0022] The invention may partition any type of data table 
into column chunks for distributing across multiple storage 
servers. Update data for a partitioned data table may then be 
imported into the distributed column chunk data store. To do 
so, update data for the partitioned data table may be incre 
mentally stored as one or more column chunks separate from 
the column chunks of the partitioned data table. As addi 
tional update data to the partitioned data table may be 
incrementally imported into the distributed column chunk 
store, a column chunk of update data imported previously 
may be merged With a column chunk of update data being 
imported. Subsequently, such a merged column chunk of 
update data may be split into multiple column chunks using 
feWer partitions than the column chunks of the partitioned 
data table. If the cost of retrieving the column chunks of 
update data may exceed the cost of merging the column 
chunks of update data With the column chunks of the 
partitioned data table, then the column chunks of update data 
may be merged With the column chunks of the partitioned 
data table. 

[0023] Other advantages Will become apparent from the 
folloWing detailed description When taken in conjunction 
With the draWings, in Which: 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] FIG. 1 is a block diagram generally representing a 
computer system into Which the present invention may be 
incorporated; 
[0025] FIG. 2 is a block diagram generally representing an 
exemplary architecture of system components for a column 
chunk data store, in accordance With an aspect of the present 
invention; 
[0026] FIG. 3 is a ?owchart generally representing the 
steps undertaken in one embodiment for storing column 
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chunks among multiple storage servers in the column chunk 
data store, in accordance With an aspect of the present 
invention; 
[0027] FIG. 4 is a ?owchart generally representing the 
steps undertaken in one embodiment for partitioning a data 
table into column chunks, in accordance With an aspect of 
the present invention; 

[0028] FIG. 5 is a ?oWchart generally representing the 
steps undertaken in one embodiment for importing update 
data to the column chunk data store, in accordance With an 
aspect of the present invention; 

[0029] FIG. 6 is a ?oWchart generally representing the 
steps undertaken in one embodiment for determining the 
number of partitions for creating one or more column 
chunks for the update data, in accordance With an aspect of 
the present invention; 

[0030] FIG. 7 is a ?oWchart generally representing the 
steps undertaken in an embodiment for creating column 
chunks for the update data using a feWer number of parti 
tions than the partitioned data table, in accordance With an 
aspect of the present invention; 

[0031] FIG. 8 is a ?oWchart generally representing the 
steps undertaken in an embodiment for merging column 
chunks created for the update data, in accordance With an 
aspect of the present invention; and 

[0032] FIG. 9 is a ?oWchart generally representing the 
steps undertaken in an embodiment for merging column 
chunks of update data With the column chunks of the 
partitioned data table, in accordance With an aspect of the 
present invention. 

DETAILED DESCRIPTION 

Exemplary Operating Environment 

[0033] FIG. 1 illustrates suitable components in an exem 
plary embodiment of a general purpose computing system. 
The exemplary embodiment is only one example of suitable 
components and is not intended to suggest any limitation as 
to the scope of use or functionality of the invention. Neither 
should the con?guration of components be interpreted as 
having any dependency or requirement relating to any one or 
combination of components illustrated in the exemplary 
embodiment of a computer system. The invention may be 
operational With numerous other general purpose or special 
purpose computing system environments or con?gurations. 

[0034] The invention may be described in the general 
context of computer-executable instructions, such as pro 
gram modules, being executed by a computer. Generally, 
program modules include routines, programs, objects, com 
ponents, data structures, and so forth, Which perform par 
ticular tasks or implement particular abstract data types. The 
invention may also be practiced in distributed computing 
environments Where tasks are performed by remote process 
ing devices that are linked through a communications net 
Work. In a distributed computing environment, program 
modules may be located in local and/or remote computer 
storage media including memory storage devices. 

[0035] With reference to FIG. 1, an exemplary system for 
implementing the invention may include a general purpose 
computer system 100. Components of the computer system 
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100 may include, but are not limited to, a CPU or central 
processing unit 102, a system memory 104, and a system bus 
120 that couples various system components including the 
system memory 104 to the processing unit 102. The system 
bus 120 may be any of several types of bus structures 
including a memory bus or memory controller, a peripheral 
bus, and a local bus using any of a variety of bus architec 
tures. By Way of example, and not limitation, such archi 
tectures include Industry Standard Architecture (ISA) bus, 
Micro Channel Architecture (MCA) bus, Enhanced ISA 
(EISA) bus, Video Electronics Standards Association 
(VESA) local bus, and Peripheral Component Interconnect 
(PCI) bus also knoWn as MeZZanine bus. 

[0036] The computer system 100 may include a variety of 
computer-readable media. Computer-readable media can be 
any available media that can be accessed by the computer 
system 100 and includes both volatile and nonvolatile 
media. For example, computer-readable media may include 
volatile and nonvolatile computer storage media imple 
mented in any method or technology for storage of infor 
mation such as computer-readable instructions, data struc 
tures, program modules or other data. Computer storage 
media includes, but is not limited to, RAM, ROM, 
EEPROM, ?ash memory or other memory technology, CD 
ROM, digital versatile disks (DVD) or other optical disk 
storage, magnetic cassettes, magnetic tape, magnetic disk 
storage or other magnetic storage devices, or any other 
medium Which can be used to store the desired information 
and Which can accessed by the computer system 100. 
Communication media may also embodies computer-read 
able instructions, data structures, program modules or other 
data in a modulated data signal such as a carrier Wave or 
other transport mechanism and includes any information 
delivery media. The term “modulated data signal” means a 
signal that has one or more of its characteristics set or 
changed in such a manner as to encode information in the 
signal. For instance, communication media includes Wired 
media such as a Wired netWork or direct-Wired connection, 
and Wireless media such as acoustic, RF, infrared and other 
Wireless media. 

[0037] The system memory 104 includes computer stor 
age media in the form of volatile and/or nonvolatile memory 
such as read only memory (ROM) 106 and random access 
memory (RAM) 110. A basic input/output system 108 
(BIOS), containing the basic routines that help to transfer 
information betWeen elements Within computer system 100, 
such as during start-up, is typically stored in ROM 106. 
Additionally, RAM 110 may contain operating system 112, 
application programs 114, other executable code 116 and 
program data 118. RAM 110 typically contains data and/or 
program modules that are immediately accessible to and/or 
presently being operated on by CPU 102. 

[0038] The computer system 100 may also include other 
removable/non-removable, volatile/nonvolatile computer 
storage media. By Way of example only, FIG. 1 illustrates a 
hard disk drive 122 that reads from or Writes to non 
removable, nonvolatile magnetic media, and storage device 
134 that may be an optical disk drive or a magnetic disk 
drive that reads from or Writes to a removable, a nonvolatile 
storage medium 144 such as an optical disk or magnetic 
disk. Other removable/non-removable, volatile/nonvolatile 
computer storage media that can be used in the exemplary 
computer system 100 include, but are not limited to, mag 
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netic tape cassettes, ?ash memory cards, digital versatile 
disks, digital video tape, solid state RAM, solid state ROM, 
and the like. The hard disk drive 122 and the storage device 
134 may be typically connected to the system bus 120 
through an interface such as storage interface 124. 

[0039] The drives and their associated computer storage 
media, discussed above and illustrated in FIG. 1, provide 
storage of computer-readable instructions, executable code, 
data structures, program modules and other data for the 
computer system 100. In FIG. 1, for example, hard disk 
drive 122 is illustrated as storing operating system 112, 
application programs 114, other executable code 116 and 
program data 118. A user may enter commands and infor 
mation into the computer system 100 through an input 
device 140 such as a keyboard and pointing device, com 
monly referred to as mouse, trackball or touch pad tablet, 
electronic digitiZer, or a microphone. Other input devices 
may include a joystick, game pad, satellite dish, scanner, and 
so forth. These and other input devices are often connected 
to CPU 102 through an input interface 130 that is coupled to 
the system bus, but may be connected by other interface and 
bus structures, such as a parallel port, game port or a 
universal serial bus (USB). A display 138 or other type of 
video device may also be connected to the system bus 120 
via an interface, such as a video interface 128. In addition, 
an output device 142, such as speakers or a printer, may be 
connected to the system bus 120 through an output interface 
132 or the like computers. 

[0040] The computer system 100 may operate in a net 
Worked environment using a netWork 136 to one or more 
remote computers, such as a remote computer 146. The 
remote computer 146 may be a personal computer, a server, 
a router, a netWork PC, a peer device or other common 
netWork node, and typically includes many or all of the 
elements described above relative to the computer system 
100. The netWork 136 depicted in FIG. 1 may include a local 
area netWork (LAN), a Wide area netWork (WAN), or other 
type of netWork. Such netWorking environments are com 
monplace in o?ices, enterprise-Wide computer netWorks, 
intranets and the Internet. In a netWorked environment, 
executable code and application programs may be stored in 
the remote computer. By Way of example, and not limitation, 
FIG. 1 illustrates remote executable code 148 as residing on 
remote computer 146. It Will be appreciated that the netWork 
connections shoWn are exemplary and other means of estab 
lishing a communications link betWeen the computers may 
be used. 

Updating Data in a Distributed Column Chunk Data Store 

[0041] The present invention is generally directed toWards 
a system and method for importing update data into a 
distributed column chunk data store. More particularly, the 
present invention provides multiple storage servers operably 
coupled by a netWork for storing distributed column chunks 
of partitioned data tables. Any data table may be partitioned 
into column chunks and the column chunks may then be 
distributed for storage among multiple storage servers. To do 
so, a data table may be ?exibly partitioned into column 
chunks by applying various partitioning methods using one 
or more columns as a key, including range partitioning, list 
partitioning, hash partitioning, and/or combinations of these 
partitioning methods. Update data for a partitioned data 
table may then be incrementally imported into the distrib 
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uted column chunk data store by storing one or more column 
chunks of update data separate from the column chunks of 
the partitioned data table. 

[0042] When additional update data to the partitioned data 
table may be incrementally imported into the distributed 
column chunk store, a column chunk of update data 
imported previously may be merged With a column chunk of 
update data being imported. As Will be seen, if the cost of 
retrieving the column chunks of update data may exceed the 
cost of merging the column chunks of update data With the 
column chunks of the partitioned data table, then the column 
chunks of update data may be merged With the column 
chunks of the partitioned data table. As Will be understood, 
the various block diagrams, ?oW charts and scenarios 
described herein are only examples, and there are many 
other scenarios to Which the present invention Will apply. 

[0043] Turning to FIG. 2 of the draWings, there is shoWn 
a block diagram generally representing an exemplary archi 
tecture of system components for a distributed column 
chunk data store. Those skilled in the art Will appreciate that 
the functionality implemented Within the blocks illustrated 
in the diagram may be implemented as separate components 
or the functionality of several or all of the blocks may be 
implemented Within a single component. For example, the 
functionality for the storage services manager 226 may be 
included in the same component as the database engine 208. 
Or the functionality of transport services 232 may be imple 
mented as a separate component. 

[0044] As used herein, a column chunk data store may 
mean a large distributed system of operably coupled storage 
servers, each capable of storing column chunks. In various 
embodiments, one or more applications 202 may be oper 
ably coupled to one or more storage servers 206 by a 
netWork 204. The netWork 204 may be any type of netWork 
such as a local area netWork (LAN), a Wide area netWork 
(WAN), or other type of netWork. In general, an application 
202 may be any type of executable softWare code such as a 
kernel component, an application program, a linked library, 
an object With methods, and so forth. In one embodiment, an 
application may execute on a client computer or computing 
device, such as computer system environment 100 of FIG. 1 
Which may be operably coupled to one or more storage 
servers 206 by the netWork 204. An application 202 may 
include functionality for querying the column chunk data 
store to retrieve information for performing various data 
mining or business intelligence operations, such as comput 
ing segment membership, performing some aggregation of 
data including summariZation, and so forth. 

[0045] A storage server 206 may be any type of computer 
system or computing device such as computer system envi 
ronment 100 of FIG. 1. The storage server may provide 
services for performing semantic operations on column 
chunks such as redistributing data, replacing storage, and/or 
adding storage and may use loWer-level ?le system services 
in carrying out these semantic operations. A storage server 
206 may include a database engine 208 storage shared 
memory 222, and a storage services manager 226. Each of 
these modules may also be any type of executable softWare 
code such as a kernel component, an application program, a 
linked library, an object With methods, or other type of 
executable softWare code. 

[0046] The database engine 208 may be responsible, in 
general, for communicating With an application 202, com 
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municating With the storage server to satisfy client requests, 
accessing the column chunk data store, and communicating 
With the storage services manager 226 for execution of 
storage operations, including accessing column chunks 224 
in storage shared memory 220. The database engine 208 
may include load services 210, query services 212, metadata 
services 214, transaction services 216 and a storage services 
proxy 218. Load services 210 may be used for importing 
data into the data tables. Query services 212 may process 
received queries by retrieving the data from the storage 
services manager 226 and processing the retrieved data. The 
load services 210 and query services 212 may communicate 
With the metadata services 214 and transaction services 216 
using a communication mechanism such as inter-process 
communication. Each of these services may in turn com 
municate With the storage services proxy 218 to request 
services such as retrieving and loading column chunks into 
storage shared memory 220. The storage services proxy 218 
may receive storage read and Write requests and pass the 
requests olf to the storage services manager 226 to execute 
the request. 

[0047] The metadata services 214 may provide services 
for the con?guration of the storage servers and may manage 
metadata for the database engine and the column chunk data 
store. The metadata may include, for example, data tables 
that re?ect the current state of the system including the name 
of each server con?gured in the system, the load on each 
server, the bandWidth betWeen servers, and many other 
variables maintained in the data tables. There may be 
dynamically updated tables and static tables of data. Static 
tables of data may include con?guration tables, the de?ned 
logical tables, policies that may apply for partitioning the 
data table and storage distribution, and so forth. Some tables, 
such as con?guration tables, may be generated dynamically 
by the system based upon system con?guration. The meta 
data services 214 may include services to dynamically 
update metadata, such as con?guration tables. In addition, 
metadata services 214 may include services to add or update 
?xed metadata such as adding neW logical data table de? 
nitions or updating an existing logical data table de?nition. 

[0048] The transaction services 216 may be responsible 
for maintaining active transactions in the system and may 
provide various services such as identifying and loading the 
appropriate version of column chunks. The transaction ser 
vices 216 can also notify metadata services to update or 
commit metadata relating to a speci?c transaction. Gener 
ally, a transaction may include semantic operations that 
modify the system or that may be performed on data, 
including data loading, data optimiZation, data retrieval, 
updating existing data table, creating neW tables, modifying 
the data schema, creating a neW storage policy, partitioning 
data tables, recording the column chunk distribution in 
storage servers, and so forth. For each transaction such as 
incrementally updating a data table, there may be an indi 
cation of a start of a transaction and end of transaction When 
the update of the data table completes. Other examples of 
transactions may be executing a query, including generating 
intermediate data tables or other data tables, or optimiZing 
storage of column chunks. To do so, the query services may 
use transaction services to process a query and the storage 
services manager may use transactions services While opti 
miZing column chunk storage. 



US 2007/0143564 A1 

[0049] The storage shared memory 220 of the storage 
server 206 may include loW level metadata 222 and column 
chunks 224. The loW level metadata may include informa 
tion about physical storage, such as the ?le name and server 
name Where a column chunk may be located, What the 
compressed siZe of a column chunk may be, What the 
uncompressed siZe of a column chunk may be, What the 
checksum on a column chunk may be for verifying that the 
column chunk is not corrupted on the disk storage, and so 
forth. The storage services manager 226 may generate loW 
level metadata 222 by using the metadata such as policies, 
server con?gurations, resources available in metadata to 
generate physical storage for column chunks. 

[0050] The storage services manager 226 may include a 
local storage services manager 228 that may provide com 
pression services 230 and transport services 232. The com 
pression services 230 may perform data domain compres 
sion and decompression of column chunks. For instance, 
data domain compression may be performed before storing 
the column chunks in storage and data domain decompres 
sion may be performed upon retrieving the column chunks 
from storage. Transports services 232 may provide services 
to transfer column chunks betWeen servers. In one embodi 
ment, a loW level protocol may be employed upon a TCP/IP 
protocol stack for sending and receiving column chunks. 

[0051] There are many applications Which may use the 
present invention for storing large volumes of detailed data 
over long periods of time. Data mining, segmentation and 
business intelligence applications are examples among these 
many applications. FIG. 3 presents a ?owchart generally 
representing the steps undertaken in one embodiment for 
storing column chunks among multiple storage servers in the 
column chunk data store. At step 302, a data table may be 
partitioned into column chunks. As used herein, a column 
chunk may mean a column of a data table partitioned using 
one or more columns as a key. Any type of data table may 
be partitioned into column chunks. For instance, a large fact 
table capturing transactions of users logging into a Website 
may be partitioned into column chunks. In one embodiment, 
the data table may be partitioned into column chunks by 
performing column-Wise partitioning Whereby a partition 
may be speci?ed by a set of columns. In another embodi 
ment, a combination of some data table partitioning tech 
nique and column-Wise partitioning may be performed. In 
this embodiment, the data table may be ?rst partitioned into 
several data tables and then column-Wise partitioning may 
be performed on the resulting data tables to create column 
chunks. To do so, those skilled in the art Will appreciate that 
a data table may be partitioned into column chunks using 
any number of partitioning techniques such as range parti 
tioning by specifying a range of value for a partitioning key, 
list partitioning by specifying a list of values for a partition 
ing key, hash partitioning by applying hashing to a parti 
tioning key, combinations of these partitioning techniques, 
and other partitioning techniques knoWn to those skilled in 
the art. 

[0052] Once the data table may be partitioned into column 
chunks, the storage server may distribute the column chunks 
among multiple storage servers at step 304. For example, the 
column chunks of the data table may be striped across 
multiple storage servers. In one embodiment, each column 
chunk of the data table may be assigned to an available 
storage server using any assignment method including round 
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robin order. In various embodiments, column chunks of a 
data table may be striped across multiple storage servers. As 
used herein, column chunk striping means striping column 
chunks of a data table across multiple storage servers. Any 
level of redundancy may be implemented in distributing the 
column chunks for recovery of one or more failed servers. 

For example, column chunk parity may be calculated and 
stored to enable recovery from failure of one server. In an 
embodiment, a bitWise XOR operation may be performed on 
tWo column chunks to create a parity column chunk. Addi 
tional bitWise XOR operations may be performed With a 
parity column chunk and another binary representation of a 
column chunk to compute a parity column chunk for three 
column chunks. The resulting parity column chunk may then 
be assigned to an available server that does not store one of 
the three column chunks used to make the parity column 
chunk. In this Way, any number of parity column chunks 
may be calculated and assigned to storage servers for 
recovery from failure of one or more storage servers. It 
should be noted that prior to performing a bitWise XOR 
operation on tWo column chunks of unequal length, the 
shorter column chunk may be padded With O’s until it 
become of equal length With the other column chunk. 

[0053] Once the distribution of column chunks among the 
multiple storage servers may be determined, the column 
chunks may be stored on their assigned servers at step 306. 
After the column chunks have been stored, processing may 
be ?nished for storing column chunks among multiple 
storage servers in the column chunk data store. 

[0054] FIG. 4 presents a ?owchart generally representing 
the steps undertaken in one embodiment for partitioning a 
data table into column chunks. At step 402, a policy for 
partitioning the data table into column chunks may be 
accessed. For example, there may be a policy stored as part 
of the metadata that may specify hoW the data table may be 
partitioned into column chunks and hoW the column chunks 
may be distributed among multiple storage servers in the 
column chunk data store. In one embodiment, the policy 
may specify the number of partitions into Which a column 
should be divided. In various embodiments, the policy may 
specify the degree of redundancy of the column chunks for 
recovery upon failure of one or more storage servers. 

[0055] Any policy for partitioning the data table may then 
be applied at step 404 to create the column chunks. In an 
embodiment, partitioning may be performed on the data 
table by ?rst partitioning the data table into multiple tables 
using range partitioning and then partitioning each of the 
multiple tables by applying column-Wise partitioning. In 
various other embodiments, list partitioning, hash partition 
ing, or combinations of list, hash, and/or range partitioning 
may be applied to partition the data table into multiple tables 
and then column Wise partitioning may be subsequently 
applied to each of the multiple data tables. 

[0056] Once the column chunks may be created, then data 
domain compression may be applied to the column chunks 
at step 406. Data domain compression as used herein may 
mean applying a compression scheme designed to compress 
a speci?c data type. Given that values in a column of a 
column chunk may usually be the same data type and/or part 
of a speci?c data domain, partitioning a data table into 
column chunks may advantageously alloW data in the col 
umn chunks to be compressed using a speci?c domain type 
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compression scheme. For example, if a column of a column 
chunk may store a date that falls within a narrow range, such 
as between Jan. 1, 2000 and Dec. 31, 2010, the date ?eld 
may be represented using the number of days since Jan. 1, 
2000 rather than using a generic date representation. As 
another example, consider an address that may typically be 
stored as a string that may not compress well. By decom 
posing the address ?eld into several sub?elds, such as street 
number, street name, city, state, and Zip, each sub?eld may 
be represented as a separate sub-column having a speci?c 
data type that may compress well. As yet another example, 
consider an argument list of key-value pairs that may also be 
typically stored as a string that may not compress well. By 
decomposing the key-value pairs into separate column 
chunks, each column chunk may represent values having a 
speci?c data type that may compress well. Such compres 
sion may be performed using range-based compression of 
numeric values, decomposing a column chunk including 
sub-?elds into separate column chunks, decomposing a 
column chunk including key-value pairs into separate col 
umn chunks, and so forth. After domain speci?c compres 
sion may be applied to the column chunks, processing for 
partitioning a data table into column chunks may be ?nished. 

[0057] Once data tables may be partitioned, distributed 
and stored in the column chunks data store, data updating the 
partitioned data tables may be incrementally imported into 
the column chunks data store. FIG. 5 presents a ?owchart 
generally representing the steps undertaken in one embodi 
ment for importing update data to the column chunk data 
store. At step 502, one or more column chunks may be 
created for the update data. Depending upon the siZe of the 
update data, any number of partitions for creating one or 
more column chunks for the update data may be determined. 
For example, one column chunk may be created for the 
update data; several column chunks may be created for the 
update data; or the same number of column chunks may be 
created as the number created for the partitioned data table. 
As additional update data to the partitioned data table may 
be incrementally imported into the distributed column chunk 
store, a column chunk of update data imported previously 
may be merged with a column chunk of update data being 
imported, if, for example, the cost of retrieving the column 
chunks of update data may exceed the cost of merging the 
column chunks of update data. 

[0058] Accordingly, the column chunks created for the 
update data may be then be merged at step 504. In an 
embodiment, one or more column chunks of update data 
may be merged with one or more column chunks from a 
previous data update. After several such merges of column 
chunks of update data, the siZe of the column chunks of 
update data may grow large enough that the input/output 
cost of transferring the column chunks between storage 
servers in the column chunk data store may exceed the cost 
of splitting the column chunks and using those multiple 
column chunks. When this may occur, the merged column 
chunks may be split into multiple column chunks in various 
embodiments. In various other embodiments, one or more 
column chunks of update data may be merged with the 
column chunks of the partitioned data table, if, for example, 
the cost of retrieving the column chunks of update data may 
exceed the cost of merging the column chunks of update data 
with the column chunks of the partitioned data table. After 
merging, the merged column chunks may be stored at step 
506 across multiple storage servers. Once the column 

Jun. 21, 2007 

chunks have been stored, processing may be ?nished for 
importing update data to the column chunk data store. 

[0059] FIG. 6 presents a ?owchart generally representing 
the steps undertaken in one embodiment for determining the 
number of partitions for creating one or more column 
chunks for the update data. The siZe of the data update for 
the partitioned data table may be determined at step 602. In 
an embodiment, this may be determined by multiplying the 
siZe of a row of data in the data table by the number of rows 
in the data update. It may then be determined at step 604 
whether the siZe of the data update exceeds a prede?ned 
threshold. In an embodiment, the prede?ned threshold may 
be 20% of the data stored in the column chunks of the 
partitioned data table. If the siZe of the data update may not 
exceed a prede?ned threshold, then column chunks may be 
created for the update data at step 606 using a fewer number 
of partitions than the partitioned data table. In an embodi 
ment, this may be one column chunk. In another embodi 
ment, this may be one-tenth of the number of partitions used 
for the partitioned data table. In either embodiment, the 
partition numbers created may be associated with the group 
of update column chunks so that whenever column chunks 
of the partitioned data table are retrieved from the column 
chunk data store, any associated incremental column chunks 
of update data may be identi?ed and also retrieved. 

[0060] Returning to step 604 of FIG. 6, if it may be 
determined that the siZe of the data update may exceed a 
prede?ned threshold, then column chunks may be created 
for the update data at step 608 using the number of partitions 
created for the partitioned data table. For instance, there may 
be many business intelligence and data mining applications 
where a very large data table may be imported daily that may 
use the same number of partitions created for the partitioned 
data table. After creating the column chunks for the update 
data using the determined number of partitions, processing 
may be ?nished for determining the number of partitions for 
creating one or more column chunks for the update data. 

[0061] Where the siZe of the data update may not exceed 
a prede?ned threshold, FIG. 7 presents a ?owchart generally 
representing the steps undertaken in an embodiment for 
creating column chunks for the update data using a fewer 
number of partitions than the partitioned data table. At step 
702, the number of partitions may be determined for creating 
column chunks for the update data. Where the update data 
may be relatively small, one data chunk may be created for 
the update data in an embodiment. In this case, the column 
chunk partitions may be determined and stored as part of the 
data chunk. In another embodiment, the number of partitions 
for the update data may be a percentage of number of 
column chunks of the partitioned data table that may be 
determined by the ratio of the number of rows of update data 
compared to the average number of rows in a partition of the 
partitioned data table. For example, if the number of rows of 
update data may be 25% of the average number of rows in 
a column chunk of a partitioned data table, then the number 
of partitions determined for the update data may be 25% of 
the number of column chunks for the partitioned data table. 
In another exemplary method the column chunks may be 
created based on the usage pattern of columns. For example, 
there may be a few columns of the partitioned data table that 
are frequently retrieved together for queries and column 
chunks for update data may be created that include such data 
in columns frequently retrieved together. 
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[0062] After determining the number of partitions for 
creating column chunks for the update data, the update data 
may be partitioned into column chunks at step 704. Typi 
cally, the update data may be partitioned into column chunks 
by using the same method used to create the column chunks 
of the partitioned data table. For instance, if a data table Was 
partitioned into column chunks using range partitioning and 
then hash partitioning, then the update data may likeWise be 
partitioned using range partitioning and then hash partition 
ing. For example, the update data table may ?rst be parti 
tioned in one embodiment by using a date, taken from a 
column of data that represents a date in the update data, as 
a key for partitioning the update data. Once the update data 
has been partitioned by date, then the columns of each 
partition of update data may then be partitioned by hashing 
into column chunks. A column key may be chosen to 
generate a hash and use the resulting hash to partition 
columns into column chunks. Any hashing may be used such 
as Message Digest Algorithm 5 (“MDS”), R. J. Cichelli’s 
perfect hash function generation algorithm, or other hashing 
technique. 
[0063] Although the update data may typically be parti 
tioned into column chunks by using the same method used 
to create the column chunks of the partitioned data table, 
those skilled in the art Will appreciate that another method 
may be used to partition the update data into column chunks. 
In one embodiment, the update data may be partitioned into 
column chunks by performing column-Wise partitioning 
Whereby a partition may be speci?ed by a set of columns. In 
another embodiment, a combination of some partitioning 
technique and column-Wise partitioning may be performed. 
In this embodiment, the update data may be ?rst partitioned 
into several initial partitions and then column-Wise parti 
tioning may be performed on the initial partitions to create 
column chunks. To do so, any number of partitioning 
techniques may be used such as range partitioning by 
specifying a range of values for a partitioning key, list 
partitioning by specifying a list of values for a partitioning 
key, hash partitioning by applying hashing to a partitioning 
key, combinations of these partitioning techniques, and other 
partitioning techniques knoWn to those skilled in the art. 

[0064] Once the update data may be partitioned into 
column chunks, the partition numbers for each column 
chunk may be then stored at step 706 in a column chunk, so 
that the partition number for an update column chunk may 
be looked up When that update column chunk may need to 
be used. Upon storing the partition numbers in a column 
chunk, the column chunks may be distributed among mul 
tiple storage servers at step 708. Where there may be feWer 
partitions, or even one data chunk of update data, data 
mirroring may be used in an embodiment to provide redun 
dancy for the column chunks of update data. In this case, a 
copy of each column chunk of update data may be assigned 
to an available storage server that does not store the respec 
tive column chunk of update data from Which the copy Was 
made. In various embodiments, a storage policy may also be 
provided that may specify the level of redundancy desired 
for the update column chunks. If so, then parity of the 
column chunks may be calculated for the level of redun 
dancy speci?ed in the storage policy and the parity column 
chunks may be assigned to available storage servers. After 
the distribution of column chunks of update data among the 
multiple storage servers may be determined, the column 
chunks of update data may be stored on their assigned 
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servers at step 710 and processing may be ?nished for 
creating column chunks for the update data using a feWer 
number of partitions than the partitioned data table. 

[0065] FIG. 8 presents a ?owchart generally representing 
the steps undertaken in an embodiment for merging column 
chunks created for the update data. As one or more column 
chunks may be created during an incremental update of data 
to the partitioned data table, the column chunks of update 
data may be merged at step 802 With one or more column 
chunks of update data previously imported. The column 
chunks of update data previously imported may have also 
been previously merged With other column chunks of update 
data imported during an incremental update of the parti 
tioned data table. At some point, the siZe of the column 
chunks of update data may groW large enough that the 
input/output cost of transferring the column chunks betWeen 
storage servers in the column chunk data store may exceed 
the cost of splitting the column chunks. Accordingly, it may 
then be determined at step 804 Whether to split the merged 
column chunks of update data. In an embodiment, the 
merged column chunks of update data may be split if the siZe 
of a merged column chunk exceeds a prede?ned siZe. If it 
may be determined to split the merged column chunks of 
update data, then the merged column chunks may be split at 
step 806. In an embodiment, the merged column chunks may 
be split using the steps presented in FIG. 7 for creating 
column chunks for the update data using a feWer number of 
partitions than the partitioned data table. 

[0066] It may then be determined at step 808 Whether to 
merge the column chunks created from incremental updates 
of data With the column chunks of the partitioned data table. 
If so, then the column chunks created from incremental 
updates of data may be merged With the column chunks of 
the partitioned data table at step 810. In an embodiment, if 
the cost of retrieving the column chunks of update data may 
exceed the cost of merging the column chunks of update data 
With the column chunks of the partitioned data table, then 
the column chunks of update data may be merged With the 
column chunks of the partitioned data table. After merging 
the column chunks of update data With the column chunks 
of the partitioned data table, processing may be ?nished for 
merging column chunks created for the update data. 

[0067] FIG. 9 presents a ?owchart generally representing 
the steps undertaken in an embodiment for merging column 
chunks of update data With the column chunks of the 
partitioned data table. At step 902, the column chunks of the 
partitioned data table may be identi?ed for applying changes 
of each roW of update data. In an embodiment, the column 
chunks for applying the update data may be identi?ed by the 
key for each roW of update data stored in the column chunks 
of update data. Next, each column chunk of the partitioned 
data table identi?ed for applying changes of the update data 
may be decompressed at step 904. Then the changes for each 
roW of update data may be applied to the respective column 
chunk identi?ed by the key determined from that roW of 
update data. The changes may include adding a roW of 
update data to the partitioned data table, modifying a roW of 
data in the partitioned data table, or deleting a roW of data 
in the partitioned data table. 

[0068] Upon applying the changes to the column chunks 
of the partitioned data table, then data domain compression 
may be applied to the column chunks at step 908. Finally, the 
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column chunks may be stored at step 910 among the 
multiple storage servers. In an embodiment, the column 
chunks may use the same assignment made to storage 
servers When the data table Was partitioned and the column 
chunks Were initially distributed. After the column chunks 
may be stored on their assigned servers, processing may be 
?nished for merging column chunks of update data With the 
column chunks of the partitioned data table. 

[0069] Thus the present invention may advantageously 
support importing incremental update data to column chunks 
of a partitioned data table. As additional update data may be 
incrementally imported into the distributed column chunk 
store, a column chunk of update data may be merged With a 
column chunk of update data previously imported until the 
column chunk groWs to a siZe Where the costs of retrieving 
the column chunks exceeds the cost of splitting the column 
chunk. Then the column chunk of update data may be split. 
When the number of column chunks of update data increases 
to a point Where the costs of retrieving the column chunks 
of update data exceeds the cost of merging the column 
chunks of update data With the column chunks of the 
partitioned table, then the column chunks of update data may 
be merged With the column chunks of the partitioned data 
table. Advantageously, merging of column chunks may be 
done during system idle time or as part of garbage collec 
tion. By supporting such incremental updating of data to the 
column chunk data store, update data for a data table may be 
ef?ciently imported and retrieved for use Whenever the data 
for the respective data table may be retrieved. 

[0070] As can be seen from the foregoing detailed descrip 
tion, the present invention provides an improved system and 
method for importing update data into a distributed column 
chunk data store. Any data table may be ?exibly partitioned 
into column chunks by applying various partitioning meth 
ods using one or more columns as a key, including range 
partitioning, list partitioning, hash partitioning, and/or com 
binations of these partitioning methods. Furthermore, 
domain speci?c compression may be applied to a column 
chunk to reduce storage requirements of column chunks and 
decrease transmission delays for transferring column chunks 
betWeen storage servers. Update data may then be incre 
mentally imported as separate column chunks that may later 
be merged With the column chunks of the partitioned data 
table. Such a system and method support storing detailed 
data needed by data mining, segmentation and business 
intelligence applications over long periods of time. As a 
result, the system and method provide signi?cant advantages 
and bene?ts needed in contemporary computing, and more 
particularly in data mining and business intelligence appli 
cations. 

[0071] While the invention is susceptible to various modi 
?cations and alternative constructions, certain illustrated 
embodiments thereof are shoWn in the draWings and have 
been described above in detail. It should be understood, 
hoWever, that there is no intention to limit the invention to 
the speci?c forms disclosed, but on the contrary, the inten 
tion is to cover all modi?cations, alternative constructions, 
and equivalents falling Within the spirit and scope of the 
invention. 
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What is claimed is: 
1. A computer-implemented method for importing update 

data to a partitioned data table in a computer system, 
comprising: 

partitioning a data table into column chunks for storing on 
one or more storage servers; 

creating at least one additional column chunk for import 
ing update data to the partitioned data table; and 

storing the at least one column chunk of the update data 
to the partitioned data table on the one or more storage 
servers. 

2. The method of claim 1 Wherein creating at least one 
additional column chunk for importing update data to the 
partitioned data table comprises determining a partition 
number associated With the at least one additional column 
chunk. 

3. The method of claim 1 Wherein creating at least one 
additional column chunk for importing update data to the 
partitioned data table comprises partitioning the update data 
into column chunks. 

4. The method of claim 3 Wherein partitioning the update 
data into column chunks comprises using the same number 
of partitions as the partitioned data table. 

5. The method of claim 3 Wherein partitioning the update 
data into column chunks comprises using feWer partitions 
than the partitioned data table. 

6. The method of claim 3 further comprising creating a 
column chunk for storing the partition numbers keys from 
partitioning the update data into column chunks. 

7. The method of claim 3 further comprising distributing 
the column chunks from partitioning the update data among 
the one or more storage servers. 

8. The method of claim 1 further comprising merging the 
at least one column chunk of the update data With another 
column chunk of update data to the partitioned data table. 

9. The method of claim 8 further comprising determining 
Whether to partition the merged column chunks of update 
data. 

10. The method of claim 9 further comprising partitioning 
the merged column chunks of update data. 

11. The method of claim 10 further comprising determin 
ing Whether to merge the merged column chunks of update 
data With the column chunks of the partitioned data table. 

12. The method of claim 11 further comprising merging 
the merged column chunks of update data With the column 
chunks of the partitioned data table. 

13. The method of claim 12 Wherein merging the merged 
column chunks of update data With the column chunks of the 
partitioned data table comprises: 

applying changes from the merged column chunks of the 
updated data to the column chunks of the partitioned 
data table; and 

storing the column chunks of the partitioned data table 
With the changes applied on the one or more storage 
servers. 

14. A computer-readable medium having computer-ex 
ecutable instructions for performing the method of claim 1. 

15. A computer-implemented method for importing 
update data to a partitioned data table in a computer system, 
comprising: 
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partitioning a data table into column chunks for storing on 
one or more storage servers; 

applying changes to at least one column chunk for import 
ing update data to the partitioned data table; and 

storing the at least one column chunk With the changes 
applied on the one or more storage servers. 

16. The method of claim 15 Wherein applying changes to 
at least one column chunk for importing update data to the 
partitioned data table comprises determining a key associ 
ated With a roW of update data for the partitioned data table. 

17. The method of claim 15 Wherein applying changes to 
at least one column chunk for importing update data to the 
partitioned data table comprises decompressing at least one 
column chunk of the partitioned data table that stores data 
indexed by the key associated With the roW of update data 
for applying changes indicated in the roW of the update data. 

18. The method of claim 17 further comprising applying 
data domain compression to the at least one column chunk 
of the partitioned data table after applying changes in the 
roW of the update data. 
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19. A computer-readable medium having computer-ex 
ecutable instructions for performing the method of claim 15. 

20. A computer-implemented method for importing 
update data to a partitioned data table in a computer system, 
comprising: 

partitioning a data table into column chunks for storing on 
one or more storage servers; 

creating at least one additional column chunk for import 
ing update data to the partitioned data table; 

merging the at least one additional column chunk of 
update data With the column chunks of the partitioned 
data table by applying the update data to the column 
chunks of the partitioned data table; and 

storing the column chunks With the applied update data on 
the one or more storage servers. 


